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PURPOSE: To prevent deteriorating a battery characteristic and worsening thermal stability due 
to repeated charge/discharge by performing the prescribed initial discharge at the time of 
ending the charge or starting the discharge, in a lithium secondary battery using a lithium metal 
for its negative pole. 

CONSTITUTION: At the time of ending a charge or starting a discharge of a battery, the initial 
discharge within 30 seconds is performed by current density of 5mA/cm2 or more per unit area 
of a positive or negative pole. A uniform fine hole is opened to a protective film formed in a 
lithium surface by the discharge of large current thus performed, and in the case of low current 
discharge thereafter, lithium is uniformly fused to remove the protective film. Thus by 
preventing producing needle-shaped lithium due to local deposition in the case of charge 
thereafter, a charge/ discharge life and thermal stability are improved. Further by increasing 
current density of the initial discharge, a discharge time can be shortened. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The discharge approach of the lithium secondary battery characterized by performing 
initial discharge within for 30 seconds with two or more 5 mA/cm [ per unit area of said positive 
electrode or said negative electrode ] current density at the time of charge termination of a cell, 
discharge starting in the discharge approach of a positive electrode and the lithium secondary 
battery which uses a lithium metal as a negative electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the discharge approach of not making the cell 
property of the lithium secondary battery which serves as the discharge approach of a lithium cell, a 
positive electrode from which a lithium ion can be inserted and it can be desorbed in more detail, 
and a negative electrode which used the lithium metal or the lithium alloy from nonaqueous 
electrolyte and in which charge and discharge are possible falling. 
[0002] 

[Description of the Prior Art] The formation of small lightweight of electronic equipment and 
carrying-ization progress, and development of the high energy consistency cell in which charge and 
discharge are possible as the power source is demanded. The electrode which emits lithium ions, 
such as a lithium alloy with a lithium metal, aluminum, etc. or carbon, and is absorbed as a negative 
electrode is used, and since it has the description using the positive electrode which can insert a 
lithium ion and can be desorbed from it, and nonaqueous electrolyte that the so-called lithium 
secondary battery is lightweight, and an acquisition electrical potential difference is high, 
development is furthered as a cell which meets the demand of the electronic equipment 
above-formed into small lightweight. 

[0003] Per unit weight and the energy per unit volume (watt-hour) become [ the law at the time of 
using a lithium metal ] large rather than the case where the electrode which the negative-electrode 
Ingredient of a lithium secondary battery emits a lithium alloy and lithium ions, such as carbon, and is 
absorbed is used. However, in the lithium secondary battery which used the lithium metal for the 
negative electrode, the lithium of arborescence deposits by charge, for the reason missing from a 
negative-electrode charge collector, a charge-and-discharge life is short, and the fall of the thermal 
stability by the increment in the lithium surface area accompanying the repeat of charge and 
discharge poses a problem. Degradation of this charge-and-discharge life becomes remarkable by 
charge by the current value beyond a current value equivalent to the rate charge of 3 time amount 
of a cell (charge by the current value which can charge the full capacity of a cell in 3 hours), 
discharge by the current value below the current value equivalent to the rate discharge of 10 time 
amount (discharge by the current value which can discharge the capacity of a cell in 10 hours), etc. 
(for example, F.C.Laman, J.Power Sources. 24, and 195 (1988)). 

[0004] Depending on the deposit gestalt of a lithium for the cause by which degradation of these 
charge-and-discharge lives takes place is known, namely, the deposit gestalt more nearly needlelike 
than a particle-like deposit gestalt has brought about the fall of the charge-and-discharge cycle life 
as a lithium secondary battery (M.Arakawa, Extended Abstracts of 6th IMLB. and p-6 (1992)). As an 
attempt which controls the deposit gestalt of a lithium and lengthens a charge-and-discharge life An 
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additive is added to the electrolytic solution. For example, by the interaction of an additive and a 
lithiunn the approach (J.O.Besenhard. J.Power Sources, 20, and 253 (1987) — ) of controlling the 
gestalt of a lithium deposit [ for example. ] Although Nakamura, the collection of the 28th cell debate 
drafts, p-191 (1987), the approach (UK Patent GB 2 105 512 A) of applying a pressure at the time of 
the electrocrystallization of a lithium, and controlling a deposit gestalt, etc. are reported, it has come 
to acquire still sufficient charge-and-discharge cycle life. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is for solving degradation of the cell 
property accompanying the repeat of the charge and discharge resulting from a lithium negative 
electrode, and the problem of a fall of thermal stability in the lithium secondary battery using the 
composite electrode which contains a lithium metal or a lithium metal in a constituent, or the 
negative electrode which consists of a lithium alloy. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble. In the discharge 
approach of a positive electrode and the lithium secondary battery which uses a lithium metal as a 
negative electrode, at the time of charge termination of a cell, or discharge starting, the discharge 
approach of the lithium secondary battery by this invention is two or more 5 mA/cm [ per unit area 
of said positive electrode or said negative electrode ] current density, and is characterized by 
performing initial discharge within for 30 seconds. 

[0007] It depends for the charge-and-discharge cycle life of a lithium secondary battery on the 
charging current consistency of a cell greatly. In less than two 0.5 mA/cm low current discharge, the 
elution of the lithium accompanying discharge concentrates on a small part relatively [ an impedance 
], namely, it happens locally. On the other hand, in 0.5 mA/cm2 high-current discharge, the lithium 
was crossed to the comparatively large range and eluted in homogeneity. The elution condition of 
the lithium at the time of this discharge had influenced the deposit gestalt at the time of the next 
charge. In charge following low current discharge, the deposit of a lithium was concentrated on the 
part to which the lithium was eluted locally chiefly, therefore since the current density in this part 
became high substantially, the needlelike lithium deposited. On the other hand, in the charge after 
high current discharge, the deposit of a lithium crossed to the large range, and took place, 
substantial current density became low, and the lithium of a particle-like gestalt deposited. The 
difference in the deposit gestalt at the time of this charge and the pressure were applied, and by the 
difference (since the direction of low current discharge deposits in an ununiformity, the force on the 
front face of a lithium does not arise locally, therefore there is also little effectiveness of the gestalt 
improvement by the pressure) of the direction, by the cell which performed low current discharge, 
while the charge-and-discharge life deteriorated, thermal stability was falling. Therefore, before the 
fall of the thermal stability by low current discharge makes a cell to a lithium surface of metal, the 
local elution of a lithium resulting from existence of the membrane surface (Native Film) which 
existed [ from ]. or the protective coat formed in the lithium front face of the reaction of a lithium 
and the electrolytic solution Is considered to be the cause. 

[0008] On the other hand, if high current discharge is performed, since a big overvoltage will be 
given to an electrode, the size of the Impedance on the front face of a lithium resulting from the 
heterogeneity of a protective coat is canceled, and the elution of a uniform lithium happens. 
Therefore, if uniform pore opens to a lithium front face by the high current pulse, even if it performs 
low current discharge following it, pore is accompanied, a lithium Is eluted. and as a result, the 
uniform elution of a lithium will cross broadly and will happen. By removing a protective coat and 
performing uniform etching, a lithium deposit gestalt is improved and it leads to improvement in a 
charge-and-discharge life and thermal stability as a result. It results in this invention based on the 
above knowledge. 
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[0009] That is. In the discharge approach of the lithium secondary battery which uses a lithium 
metal as a negative electrode, the deposit of the needlelike deposit gestalt leading to the cell 
property fall accompanying a charge-and-discharge cycle is controlled by being two or more 5 
mA/ cm [ per unit area of a positive electrode or a negative electrode ] current density, and 
performing initial discharge within for 30 seconds at the time of charge termination of a cell, or 
discharge starting. 

[0010] this invention — setting — discharge starting since the gestalt of the next lithium 

negative-electrode front face is important, you may be operation of the approach by this invention 
at the discharge-starting time, and after the charge before discharge is completed, it may be. 
Namely, if it is before discharge, especially limitation will not be carried out at the time of operation 
of the approach of this invention (timing). 

[001 1] About the current density in discharge of this invention, the effectiveness peculiar to this 
invention that a deposit of a needlelike lithium is controlled as mentioned above does not show up in 
less than two 5 mA/ cm. From the point of the deposit gestalt of a lithium, although it is that current 
density is so desirable that it is high as effectiveness of this invention, it is necessary to shorten 
time amount of the initial discharge from the point of consumption of the energy which generation of 
heat of a cell and a cell have, so that current density increases. If it is about two 5 mA/cm current 
density, a 30-second room [ about ] initial charging time value is enough. An initial charging time 
value can be shortened from for 30 seconds, so that current density is made high. 
[0012] In the actual operating condition of a lithium secondary battery, the discharge approach of 
this invention is effective in not doing a bad influence in two or more 0.5 mA/cm (discharge by the 
current value which can discharge the full capacity of a cell in 1 hour), for example, the rate 
discharge of 1 time amount, and improving a charge-and-discharge life further, although remarkable 
effectiveness is especially acquired when discharge is performed by the low current of two or less [ 
0.5mA //cm ]. 
[0013] 

[Example 1] The coin mold cell ( drawing 1 ) which stuck the lithium to the negative electrode by 
pressure was produced, and after performing elution of a lithium on the discharge conditions shown 
below, the negative-electrode gestalt by the scanning electron microscope (SEM) was observed. For 
a negative-electrode case and c, a gasket and d are [ a / a positive-electrode case and b / the disk 
made from a stainless steel network with a thickness of 0.4mm (positive electrode) and f of 70 
micrometer lithium foil (negative electrode) in thickness and e ] the separators made from 
polypropylene among drawing 1 . 
[0014] 
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[0015] Drawing 2 , drawing 3 , drawing 4 , and drawing 5 show the SEM photograph of the 
negative-electrode gestalt after lithium elution in the cell numbers 1, 2, 3, and 4. respectively. 
Drawing 2 - drawing 4 are 10 and the photograph which discharged by 0.2 mA/cm2 with the current 
density of 2 cm 25 or 50mA /30, 12. and after discharging for 6 seconds, and observed the 
negative-electrode gestalt with the scanning electron microscope (SEM) about the cell numbers 
1-3, respectively. 

[0016] In the lithium negative electrode of the cell ( drawing 5 ) which did not carry out a high 
current pulse, local elution has happened so that a photograph may show, but with the lithium 
negative electrode ( drawing 2 - drawing 4 ) which discharged two times 0.2 mA/cm, after 
discharging several seconds by 10. 25. and 50 mA/cm2, uniform elution has happened, respectively, 
so that a pulse current value becomes high. 
[0017] 

[Example 2] Observation by SEM of the deposited lithium negative electrode was performed after 
the elution of a lithium on condition that the following using the coin mold cell shown in drawing 1 
[0018] 
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[0019] Drawing 6 and drawing 7 show the SEM photograph of the negative-electrode gestalt after 
the lithium deposit in the cell numbers 5 and 6. respectively. After 50mA /of drawing 6 discharges 
for 6 seconds with the current density of 2 cm. they is the photograph which observed the gestalt of 
the negative electrode which discharged by 0,2 mA/cm2 and charged the pan by 0,4 mA/cm2 by 
SEM (cell number 5). From a photograph, it is admitted with the negative electrode ( drawing 7 ) of 
the cell 6 of only low current discharge to the deposit of a very smooth lithium having taken place 
according to the high current with the negative electrode ( drawing 6 ) of the cell 5 which discharged 
for several seconds that the needlelike gestalt which deteriorates a charge-and-discharge cycle life 
deposits. 
[0020] 

[Example 3] In the coin mold cell ( drawing 8 ) using the electrolytic solution which used amorphous 
substance V205 for positive active material, used the lithium metal for the negative electrode, and 
dissolved LiAsF6 in ethylene carbonate and the mixed solvent of 2-methyl tetrahydrofuran 1 ,5M The 
charge-and-discharge life was compared about the case (cell 7) where the cycle which discharges 
by 0.2 mA/cm2 and is charged by 0.4 mA/cm2 is repeated, and the case (cell 8) where it discharges 
for about 10 seconds with the current density of 50 mA/cm2 before discharging by 0,2 mA/cm2. A 
positive-electrode case, the positive electrode with which in b a gasket and d used amorphous 
substance V205 as 70-micrometer lithium foil (negative electrode) in thickness, and a 
negative-electrode case and c used e as the active material, and f of a are the separators made 
from polypropylene among drawing 8 . 

[0021] Drawing 9 is drawing having shown the relation between the number of charge-and-discharge 
cycles of a cell, and the relative cell capacity when setting the highest capacity in the early stages 
of a charge-and-discharge cycle to 1.0. This drawing 9 shows the rapid capacity fall after 50 cycles 



8/12/2005 12:24 PM 



►7-06^867,A [DETAILED DESCRIPTION] 



http://www4.ipdLncipi,go.jp/cgi-bin/tran_web_cgi€jj 



not being seen, but having a good charge-and-discharge life compared with the case of only low 
current discharge, in the case where a high current pulse discharge is performed before low current 
discharge. 
[0022] 

[Example 4] In the cylindrical carbonic acid cell ( drawing 10 ) using the electrolytic solution which 
used MoS2 for positive active material, used the lithium metal for the negative electrode, and was 
made to dissolve LiAsF6 in the mixed solvent of ethylene carbonate and propylene carbonate 1 M 
The charge-and-discharge life was compared about the case (cell 9) where the cycle which 
discharges by 0.2 mA/cm2 and is charged by 0.4 mA/cm2 is repeated, and the case (cell 10) where 
it discharges for about 10 seconds with the current density of 25 mA/cm2 before discharging by 0.2 
mA/cm2. the inside of drawing 10 , and g — for a negative-efectrode tab and k. a positive electrode 
and I are [ a positive-electrode cap and h / a positive-electrode tab and i / a negative electrode 
and n of a separator and m ] negative-electrode cans. 

[0023] Drawing 1 1 is drawing having shown the relation between the number of 
charge-and-discharge cycles of a cell, and the relative cell capacity when setting the highest 
capacity in the early stages of a charge-and-discharge cycle to 1.0. This drawing 1 1 shows the 
software short-circuit after 50 cycles (the lithium of needlelike or arborescence penetrating a 
separator and being in a short circuit condition with quiet positive electrode and negative electrode) 
not being seen, but having a good charge-and-discharge life compared with the case of only low 
current discharge, in the case where the high current pulse discharge of 25 mA/cm2 is performed 
before low current discharge of 0.2 mA/cm2. 
[0024] 

[Effect of the Invention] Since the charge-and-discharge cycle life of a cell can be improved by this 
invention and a needlelike deposit gestalt does not arise in the lithium secondary battery using a 
lithium metal as shown above, the industrial value is size very much. 
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1. This document has been translated by computer. So the translation may not reflect the original 
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[Brief Description of the Drawings] 

[Drawing 11 The coin mold cell used in the example and the example of a comparison is a sectional 
view a part. 

[Drawing 2] The scanning electron microscope photograph of the negative-electrode gestalt which 
discharged by 0.2 mA/ cm2 after discharging for 30 seconds with the current density of 1 0 mA/cm2. 
[Drawing 3l The scanning electron microscope photograph of the negative-electrode gestalt which 
discharged by 0.2 mA/cm2 after discharging for 12 seconds with the current density of 25 mA/cm2. 
[Drawing 41 The scanning electron microscope photograph of the negative-electrode gestalt which 
discharged by 0.2 mA/cm2 after discharging for 6 seconds with the current density of 50 mA/cm2. 
[Drawing 51 The scanning electron microscope photograph of the negative-electrode gestalt when 
discharging only conventional 0.2 mA/cm2. 

[Drawing 61 The scanning electron microscope photograph of the negative-electrode gestalt which 
discharged by 0.2 mA/cm2 and charged the pan by 0.4 mA/cm2 after discharging for 6 seconds with 
the current density of 50 mA/cm2. 

[Drawing 7] The scanning electron microscope photograph of the negative-electrode gestalt charged 
by 0.4 mA/cm2 after discharging by conventional 0.2 mA/cm2. 

[Drawing 81 The coin mold cell used for the example and the example of a comparison is a sectional 
view a part. 

[Drawing 9l Drawing having shown the relation between the number of charge-and-discharge cycles 
of a cell, and the relative cell capacity when setting the highest capacity in the early stages of a 
charge-and-discharge cycle to 1.0. 

[Drawing 10] Structural drawing of the cylindrical cell used for the example and the example of a 
comparison. 

[Drawing 1 1 1 Drawing having shown the relation between the number of charge-and-discharge 

cycles of a cell, and the relative cell capacity when setting the highest capacity in the early stages 

of a charge-and-discharge cycle to 1 .0. 

[Description of Notations] 

Positive-electrode case 

b Negative-electrode case 

c Gasket 

d Lithium foil 

e Positive electrode 

f The separator made from polypropylene 
g Positive-electrode cap 
h Positive-electrode tab 
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i Negative-electrode tab 

k Positive electrode 

I Separator 

m Negative electrode 

n Negative-electrode can 
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